Tocopherols are generally present in edible oils and are important as natural antioxidants. The resulting tocopheroxyl radicals react with other peroxyl radicals or with each other to form somereaction products.3 "8) We have reported that a-tocopherol reacts with an alkylperoxyl radical to form 8a-alkylperoxy-atocopherone, spirodiene dimer and trimer.7) y-Tocopherol is also one of the main constituents of tocopherols in vegetable oils,9'10) and acts as an antioxidant. Although the reaction of y-tocopherol with lipid-peroxyl radicals may proceed in the same manner as the reaction of a-tocopherol, the products of y-tocopherol during the antioxidative process
have not yet been satisfactorily elucidated. This paper reports the reaction products of y-tocopherol with an alkylperoxyl radical, which was produced by the reaction of 2,2'-azobis(2,4-dimethylvaleronitrile) (AMVN) and molecular oxygen. 2703 
Materials and Methods
Materials. RRR-y-Tocopherol was prepared from mixed isomers of tocopherol (Hohnen Oil Co.).11* A free radical initiator, AMVN, was purchased from Wako Pure Chem. Ind. y-Tocopherylquinone and tocored was prepared from y-tocopherol by oxidation reactions with FeCl3 and HNO3, respectively.12) The y-tocopherol dimers, 5-(y-tocopheroxy)-y-tocopherol (y-tocopherol diphenylether dimer, y-TED) and 5-(y-tocopherol-5-yl)-y-tocopherol (y-tocopherol biphenyl dimer, y-TBD) were isolated from the reaction products of y-tocopherol with /?-benzoquinone. 1 3) 2,2,5,7,8-Pentamethylchroman-6-ol (PMC) and a-tocopherol spirodiene dimer were prepared by the methods of Nilsson et al.1A) and Nelan and Robson,15) respectively. All the other chemicals were of analytical grade.
High performance liquid chromatography (HPLC).
HPLCwas done with a Jasco Trirotar V pumpfitted with Model GP-A40 gradient programmer. A Jasco Model 875-UVdetector or a Model820-FP spectrofluorometer was used as the detector. Reverse-phase HPLCwas done with a^Bondasphere 5/iC18 100A column (3.9 x 150mm, Nihon Waters Ltd.). Preparative HPLCwas done with a Wakosil 5C18 column (10 x 300mm, Wako Pure Chem. Ind. was reacted with AMVN (100mM) in benzene at 37°C. At regular intervals, a 0.5 ml-sample was withdrawn, and the y-tocopherol and its reaction products were analyzed by HPLC.The column was developed with methanol (for y-tocopherol, tocored and 8a-alkylperoxy-y-tocopherone) or with methanol-ethyl acetate (3 : 2, v/v for the dimers) at a flow rate of 0.8 ml/min. The amounts of y-tocopherol were calculated from the peak area by monitoring the fluorescence (ex, 290 nm; em, 330nm), PMC being used as an internal standard. The amount of each reaction product was calculated from the peak area by monitoring the elution at 240nm or 290nm, y-tocopherylquinone and a-tocopherol spirodiene dimer being used as internal standards.
Spectroscopy. Proton (XH) and carbon-13 (13C) nuclear magnetic resonance (NMR)spectra were recorded on a Jeol JNM-GX-270FT NMRspectrometer.7) Mass spectra (MS) were obtained with a Shimadzu GCMS9020 DF gas chromotograph-mass spectrometer with an ionizing energy of 70eV. Infrared (IR) spectra of samples in liquid film were taken on a Jasco A-302 IR spectrometer. Ultraviolet (UV) spectra were measured with a Jasco Ubest-30 spectrophotometer. Circular dichroism (CD) spectra were obtained in an ethanol solution, using a Jasco J-600 spectropolarimeter. Specific rotation wasmeasuredwith a Union PM-201 polarimeter.
Re sults y-Tocopherol and AMVN were reacted at 37°C for 1.5 or 3 hr, and the reaction products were analyzed by HPLC (Fig. 1 ). Many peaks corresponding to the reaction products of y-tocopherol appeared on the chromatograms. Peaks 1, 2, 3, 4, 5 and 6 could be isolated from the 3-hr reaction mixture, and peaks 7, 8 and Their structures were identified by comparing their spectral data with authentic samples.17' Twodifferent concentrations of y-tocopherol were reacted with constant AMVN at 37°C, and the amounts of y-tocopherol and its reaction products were determined by HPLC (Fig. 3) . At a low concentration ofy-tocopherol (0.74 him), 8a-alkylperoxy-y-tocopherone (2-5), 7-TBD (7 and 8) and y-TED (9) first appeared, and then tocored (1) and 8a-alkylperoxy-y-TED (6) accumulated with a decrease of y-tocopherol. At a high concentration of y-tocopherol (19.6him), on the other hand, the dimers, especially a large amount of y-TBD, formed initially, and then tocored, 8a-alkylperoxy-y-tocopherone and 8a-alkylperoxy-y-TED accumulated. y-TED (0.8 mM) was reacted with lOOmM AMVN, and the reaction products were analyzed (Fig. 4) . y-Tocopherol, 8a-alkylperoxy-y-tocopherone, tocored and 8a-alkylperoxy-y-TED formed with the decrease ofy-TED. Amongthem, large products. In the present study, we have isolated and characterized the reaction products of y-tocopherol with the alkylperoxyl radical from AMVN in benzene. The products were tocored
(1), 8a-alkylpeorxy-y-tocopherone (2-5), 8a-alkylperoxy-y-TED (6) , two atropisomers of y-TBD (7 and 8) and y-TED (9) (Fig.  2) .
Tocored has been reported to be a precursor of the color reversion of edible soybean oil.12) 8a-Alkylperoxy-y-tocopherones and 8a-alkylperoxy-y-TED correspond to the peroxy ke- y-Tocopherol and its dimers were reacted with AMVN, and the formation of the reaction products was studied (Figs. 3 and 4) . From the formation ratio of the reaction products, the reaction of y-tocopherol with the alkylperoxyl radical in benzene was assumed to have proceeded by the mechanismshown in Scheme 1. y-Tocopherol transferred hydrogen atoms to peroxyl radicals (LOO)-The tocopheroxyl radicals produced were then resonance-stabilized. They could react irreversibly with a second peroxvl radical to form the covalent adducts. However, the amounts of the adducts formed were relatively small compared with the adducts formed by the reaction of a-tocopherol with AMVN.7)There are other routes by which tocopheroxyl radicals are reacted, e.g., bimolecular self-reactions.
Our results indicate that the tocopheroxyl radicals could easily react with each other to form y-TBD and y-TED.
These dimers could further react with other peroxyl radicals to form some products. In the present study, y-TEDcould have reacted with peroxyl radicals to form covalent adducts according to the same mechanism as that for the reaction of y-tocopherol with peroxyl radicals. In addition, the reaction of y-TED with peroxyl radicals gave tocored and y-tocopherol. This result indicates that tocored may have been formed by the reaction of y-TED with an peroxyl radical.22) Each tocopherol molecule has the ability to scavenge two peroxyl radicals if all the tocopherol reacts with peroxyl radicals.23) In our study, however, the y-tocopheroxyl radicals reacted easily with each other to form dimers. 673 (1976) . Therefore, the amount of peroxyl radicals H) R Yamauchi and S. Matsushita, Agric. Biol. Chem., which would be scavenged by each ytocopherol was less than two molecules.
